Currently, expectations of good surgical results in patients undergoing repair of tetralogy of Fallot exist. This perspective is mainly related to the evolution of surgical techniques and intensive postoperative measures, and the possibility of correction in an early phase in children and even in neonates. However, this favorable situation may not be the case for patients who underwent surgery 4 decades ago.
Currently, expectations of good surgical results in patients undergoing repair of tetralogy of Fallot exist. This perspective is mainly related to the evolution of surgical techniques and intensive postoperative measures, and the possibility of correction in an early phase in children and even in neonates. However, this favorable situation may not be the case for patients who underwent surgery 4 decades ago.
Postoperative complications have been reported and related, from the first moment, to the indication of reoperation 1, 2 , and, at a second moment, to the performance of surgical treatment in later phases with a consequent reduction in survival 3 and in right ventricular remodeling [4] [5] [6] , justifying systolic and diastolic dysfunctions in late outcome. The present study analyzed the clinical features of patients undergoing repair of tetralogy of Fallot between 1960 and 1970 who remained alive 30 years or more after surgery.
Our major objective was to identify possible predictive variables that could help in differentiating between asymptomatic patients and those with persistent symptoms.
Methods
The study comprised patients being treated in the department of pediatric cardiology and congenital heart diseases in the adult at the Instituto do Coração between 1995 and 2001. All patients with at least 30 years of postoperative evolution were studied. Their medical records included systematic annual clinical evaluations during the period studied. The patients with pulmonary atresia and interventricular septal defect were excluded. For 4 patients, who had undergone reoperation, the date of the first operation was considered to be the beginning of the study (March 1960 -November 1970 . It is worth noting that many patients referred to the Instituto d o Coração come from distant regions of the country, and social reasons made their follow-up difficult to continue. Therefore, the patients included in this study were not consecutive, and they were assumed to represent the population of patients operated on between 1960 and 1970 who were alive 30 years after the operation. The patients were assessed annually by the same medical team during the period of at least 30 years following surgical repair of tetralogy of Fallot. The patients underwent a complete series of noninvasive examinations at the time of the last clinical assessment. Data from the postoperative period longer than 30 years, including examinations and surgical reports, were obtained from the medical records of the patients.
Objective -
Of the surgical information, age at surgery and the type of the procedure performed for right ventricular outflow tract correction were written down, mainly the need for widening the trunk of the pulmonary artery and its branches and the ring of the pulmonary valve. Clinical complications and the eventual need for a second or third operation for correction of the residual defects were also analyzed.
At the end of the follow-up, the following data were obtained: functional capacity according to the criteria of the New York Heart Association (NYHA), complaints of palpitations, and the occurrence of syncopes. In addition to conventional electrocardiography, electrocardiographic monitoring (24-hour Holter) was used to identify arrhythmias. The cardiothoracic index was calculated using chest radiography and right and left ventricular ejection fractions obtained on radioisotopic ventriculography. Doppler echocardiography was used to assess the residual intracardiac defects and to estimate the systolic gradient in the right ventricular outflow tract, the degree of regurgitation of the pulmonary and tricuspid valves, and the degree of hypertrophy and dilation of the right ventricle. The 2 latter variables were qualitatively assessed by 2 independent observers who ignored the other clinical data. The information was classified into categories: 0=absent or mild; 1=modera-te or severe. In cases where a consensus was not reached, a third opinion was obtained.
The results are shown as means ± standard deviations, or as medians and their respective variation range. The variables were nonparametrically tested, using the chi-square test or the Fisher exact test. For the continuous variables, the Student t test was used. The possible associations of the variables and the presence of symptoms were tested using, initially, univariate analysis (chi-square test and Fisher test or Student t test), and, later, the multivariate analysis (logistic regression). The significance level of 0.05 was adopted in all tests.
Results
The study comprised 53 (27 women) patients followed up for a mean period of 32.5 (30-39.7) years, with a mean age at surgery of 6 years (7 months to 26 years). At the end of the follow-up, the patients' ages ranged from 31.2 to 60 years, and 13 patients were asymptomatic and 40 were in the following NYHA functional classes: II (N=24), III (N=15), and IV (N=1).
The major symptoms reported by the patients were as follows: dyspnea on exertion in 40 patients, palpitations in 19, and syncope in 4. Thromboembolism and infective endocarditis were rare events in this group of patients (1 and 2 episodes, respectively). Cyanosis not related to residual intercavitary communication and associated with the development of pulmonary arteriovenous fistulas was observed in 2 patients.
Of the 19 patients complaining of palpitations, 18 had relevant atrial or ventricular arrhythmias on the electrocar- diogram or on Holter (specificity of 95%, P=0.0004). However, the detection of the symptom was not sensitive enough to justify the arrhythmias detected, because that symptom was reported by only 18 of the 34 patients who had significant arrhythmias. During follow-up, 26 patients underwent a second surgery, and 4 of them underwent a third. Reoperation was performed mainly to treat the residual obstruction of the right ventricular outflow tract (N=19), to close an interventricular septal defect (N=7), to close an interatrial septal defect (N=4), to replace the pulmonary valve (N=8), and to perform tricuspid valve plasty (N=3) ( fig. 1) .
At the end of follow-up, the most significant findings in regard to residual defects were interventricular septal defect (N=2); systolic gradient between the right ventricle and the pulmonary artery, ranging from 4 to 114 mmHg in all patients; moderate to severe pulmonary (N=23) and tricuspid (N=7) regurgitation.
The values of the cardiothoracic index and of the right and left ventricular ejection fractions obtained at the end of follow-up are shown in table I. Moderate to severe hypertrophy and dilation were observed in 28 and 27 patients, respectively.
Aiming at identifying the factors that could be related to the presence of dyspnea on exertion in the late postoperative evolution, the following variables were analyzed: 1) age at surgery; 2) need for widening the ring of the pulmonary valve or the pulmonary artery; 3) need for a second or third operation; 4) residual systolic gradient in the right ventricular outflow tract; 5) moderate to severe pulmonary or tricuspid valve regurgitation; 6) residual interventricular septal defect; 7) cardiothoracic index; 8) moderate to severe right ventricular hypertrophy or dilation; 9) right and left ventricular ejection fraction; 10) presence of significant arrhythmias on Holter monitoring, such as sustained or nonsustained atrial tachycardia, nonsustained ventricular tachycardia, and the number of extrasystoles.
The univariate analysis showed a greater prevalence of dyspnea on exertion in the patients undergoing a second operation (88%) as compared with those who were not reoperated upon (63%) (P=0.03). Compared with the asymptomatic patients, the symptomatic ones had greater cardiothoracic index values (52±2% and 57%±4%, respectively, P=0.0001) and a greater prevalence of moderate to severe right ventricular hypertrophy (15% and 65%, respectively, P=0.0002) and dilation (8% and 65%, respectively, P=0.0003). The association of severe right ventricular hypertrophy and dilation was observed in 17 patients. However, no correlation was observed between right ventricular hypertrophy and the residual systolic gradient of the right ventricular outflow tract. However, the patients' age at surgery (with no direct relation to the symptoms) was significantly more expressive in patients who remained with a greater degree of right ventricular hypertrophy on late evolution (10.1±7.5 and 6.1±3.8 years, respectively, P=0.01).
Based on multivariate analysis (logistic regression), the model that better estimated the probability of the patient being symptomatic on late postoperative evolution was the one that included the second operation (P=0.008), right ventricular ejection fraction (P=0.01), and moderate to severe residual right ventricular hypertrophy (P=0.002) as independent variables. The regression model was as follows: Where: the values of 2nd OP and RVH are 0 or 1, depending on the occurrence of a second operation and the presence of residual right ventricular hypertrophy, respectively; RVEF is the right ventricular ejection fraction in late follow-up; P is the estimated probability of a certain patient being symptomatic.
One potential use of the regression model is shown in table II, where the probability of having symptoms was estimated for arbitrary values of independent variables. Residual right ventricular hypertrophy appeared as an important determinant of persistent symptoms.
Discussion
Previous studies have focused on life expectancy and causes of death in the late postoperative evolution 7, 8 . This study analyzed only the patients who remained alive 30 years after correction of tetralogy of Fallot, aiming at identifying the factors that could define the patients as asymptomatic or symptomatic. In the population studied, the age at surgery ranged from 7 months to 26 years, and the incidence of reoperations (40%) for correction of residual obstruction in the right ventricular outflow tract was high. In our case series, altered right ventricular morphology and function were, on late evolution, factors related to a reduction in the patients' functional capacity. However, the major limitation of the present study was the impossibility of a quantitative analysis of the right ventricular hypertrophy and dilation variables. Because this study includes only the survivors, the analysis of the arrhythmias as a cause of sudden death was not considered. As previously reported [9] [10] [11] [12] , changes in cardiac rhythm and the detection of relevant arrhythmias were significant findings present even in the absence of palpitation.
An unexpected finding was that neither the magnitude of the residual gradient in the right ventricular outflow tract nor the presence of moderate to severe pulmonary valve regurgitation allowed differentiating between symptomatic and asymptomatic patients. This finding, however, should be carefully analyzed, because, in this study, neither information about the physical exercise capacity [13] [14] [15] [16] nor quantitative data about pulmonary valve regurgitation 17 were available for most patients. On the other hand, the presence of marked right ventricular hypertrophy and dilation and the reduction in the right ventricular ejection fraction, closely related to dyspnea on exertion, were observed. These data allow us to believe that factors, such as residual lesions, are associated with symptoms only in the case of right ventricular remodeling or significant dysfunction, or both. Age at surgery did not directly correlate with the persistence of symptoms, but was closely associated with the development of right ventricular hypertrophy.
Another interesting finding was the influence of a second operation on the persistence of dyspnea on exertion. It is known that for many patients undergoing correction of tetralogy of Fallot in the 1960s at our institution, the attempts to relieve the obstruction of the right ventricular outflow tract involved infundibulectomy with careful resection of the muscle, but not opening of the ring of the pulmonary valve 18, 19 . In fact, the transannular patch was performed in only 19 patients in this study. Consequently, the persistence of the obstruction of the right ventricular outflow tract was the major reason for referring the patients for reoperation. The need for a second operation may have been associated with myocardial damage consequent to the presence of residual lesions, which may explain the persistence of symptoms in these patients.
Finally, a right ventricular restrictive (vs. nonrestrictive) physiology, persisting long after the correction of tetralogy of Fallot, was reported to be associated with a less prolonged QRS, a lower risk of deleterious consequences of chronic pulmonary regurgitation, and a better tolerance to exercise 15, 20 . Although apparently in disagreement with our findings of worse results in patients with significant right ventricular hypertrophy, this is not the case. In fact, in this study, hypertrophy was frequently associated with dilation, and, therefore, may have reflected a "remodeled" (and sometimes dysfunctional) ventricle and not a restrictive pattern, which has been associated with a better prognosis.
In conclusion, the long-term results after correction of tetralogy of Fallot, particularly in patients who underwent correction 30 to 40 years ago, seem to be more related to right ventricular remodeling and function than to residual defects. In this context, although excellent results with the early correction of tetralogy of Fallot currently exist, a referral for surgical treatment at a late age and residual lesions are factors of potential impact on right ventricular remodeling, becoming a concern in the case of some patients.
